1 Better-integrated care for the elderly individuals is one field of particular importance for many Western countries (according to projections by Statistics Norway, 2 the number of persons aged !67 years will double in Norway in the next 50 years. In 2009, the highest Norwegian figure for life expectancy at birth were registered at almost 81 years, and life expectancy at birth is still increasing by >2 months per year) because the proportion of elderly people in the population in Europe and USA is increasing (Reinhardt 3 and Marshall et al. 4 ). This implies more hospitalized elderly patients. Thus, from a health policy point of view, length of stay (LOS) in hospital of elderly patients is a key concern. Prolonged stays at hospital because of inadequate social care resources available to patients waiting to be discharged de facto increase hospital costs disproportionately.
If variations in the supply of social care services, in terms of either capacity or quality, impose cost externalities on hospital care, the allocation of resources to social care services may have non-trivial effects on aggregate societal health care costs. In the literature, we find research results pointing in that direction. Marshall et al. 4 observes that the distribution of LOS of elderly patients in hospital tends to be highly skewed in nature where there is a large peak in the distribution at the start, which then gradually tails off as the duration increases. Kjekshus 5 concludes that variations in the LOS between Norwegian hospitals are primarily explained by the capacity of primary health care providers. In an earlier UK study, Millard et al. 6 have shown that a hospital's expenditure may be influenced greatly by those patients in the long tail of the distribution. Harrison and Escobar 7 point out that several studies of LOS find a substantial unexplained variation in LOS. Similar to Lee and Yau, 8 they suggest that future research should control for patient heterogeneity (case mix) and should include potentially influential factors, such as health system characteristics.
In Norway, the provision of social care services for elderly people, for example, nursing homes and home care services, is the responsibility of the local authorities (i.e., Norwegian municipalities), whereas the provision of hospital services is the responsibility of state-owned hospitals. Hence, when a patient is discharged from hospital, the medical and, if needed, the long-term care responsibility is subsequently carried over to another governmental level. Hospital resources may be used, therefore, as a buffer for a general lack of social care services provided by local authorities. If hospitals are used as buffers, increasing the capacity of nursing homes, the medical expertise available for residents at nursing homes and the capacity of home care services should contribute to reduce LOS. The aim of this study is to provide further insight into the association between LOS and social care resources.
Methods

Analytical approach
From a policy perspective, it is often useful to evaluate the relationship of independent variables across the full range of a continuous dependent variable rather than just its conditional mean. It is especially useful in applications where extremes are important, such as hospital LOS where interest often lies in the right tail of the distribution. One possible approach would be to divide our sample into low, medium and longer hospital LOS [Kjekshus 5 studies variation in average length of additional stays at hospital level, that is, the extra length of stay beyond an estimated regular length of stay. Based on Norwegian data, Kjekshus defines 5% of the admissions as length of additional stays]. This approach would require us, however, to make arbitrary decisions about cut-off levels and would raise the possibility of statistical problems associated with truncation of the subsamples. The advantage of quantile regression (QR) over ordinary least squares (OLS) regression is that it allows estimation of the marginal effect of a covariate on the outcome variable (i.e. LOS) at various points in the distribution, not just at the mean, as pointed out by Koenker and Bassett. 9 Austen et al.
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demonstrate the use of QR by examining gender differences in the delivery of thrombolysis in patients with acute myocardial infarction. They conclude that richer inferences can be drawn through use of QR compared with linear regression and proportional hazards regression. Siciliani et al. 11 provide another application of QR when studying differences in LOS between public hospitals, treatment centres and private providers. Thus, QR will provide a more complete picture of the relationship between variables. Moreover, if the conditional distribution is not normally distributed but fat-tailed, as is the case for LOS, the QR estimates will be more robust and efficient than the conditional mean estimates. Moreover, to obtain better-estimated standard errors of coefficients, we use the bootstrap approach as suggested by Gould.
12
Data
The data set used in the analysis is from the Norwegian Patient Register, giving detailed information on in-patients, that is, patient characteristics, such as age and gender, main diagnosis, number of co-morbidities, LOS, name and location of the hospital providing the treatment and type of admission (emergency or planned). The sample includes $386 000 observations of in-patients aged !67 years (the official retirement age in Norway is 67 years. The division between those aged <67 years and those older is often used in analysis. We have performed analysis also based on patients aged +70 and +80 years samples, and the coefficients reported here are similar both in terms of signs and sizes) and covers the period 2007-09. Table 1 provides the variable definitions.
Our dependent variable, LOS, is calculated as the difference in days between admission date and discharge date (patients registered with LOS equal to zero are deleted from the sample). Case-mix variables include patient characteristics, such as 'age', gender ('male') and dummy variable for the main diagnosis. Two other important case-mix variables indicate the patients' potential need for hospital resources: number of procedures for surgical patients ('number of procedures') and number of co-morbidities ('co-morbidities'). The data set is limited to 16 of the most frequent diagnoses among in-patients aged !67 years. These diagnoses are also among the more severe in terms of relative long average LOS and high diagnosis-related group weights. A list of the diagnosis, number and percentage of the patient by diagnoses, and LOS by diagnosis has been provided in Supplementary table S1 (online publication only).
Ideally, we should have included variables accounting for the patients' functional status before and after their admission to hospital and whether patients receive home-based care, but the information is not available. As an indicator of whether discharged patients are in need of long-term care services, we apply information describing the patient's place of residence before and after hospitalization. A dummy variable equals one if the patients are admitted from home, and discharge to an institution after hospitalization and equals zero if the patient does not change residence ('residence_change'). In line with Marshall et al., 4 we expect that patients admitted from home and discharged to an institution will have a longer LOS than other patients.
The characteristics of local authorities are obtained primarily from Statistics Norway. As proxy variables for 'social care services' capacity', we include these variables, number of home care receivers relative to the number of citizens aged +80 years ('home_care') and the number of institutional care receivers relative to the number of citizens aged +80 years in each municipality ('institution_care'). Neither are precise measures of capacity in relation to the need for services in the population, for which we do not have information. Still, we expect that a higher number of users relative to the population are an indicator of the priority of the patient groups using these services. We include two variables describing the 'quality of services' offered, such as physician hours per week available for the residents in nursing homes ('physician hours in nursing homes') and doctor-certified sick leave by the total number of municipal employees in user-oriented institution services ('sick leave'). A priori, we believe a higher number of physicians' hours in nursing homes indicate shorter LOS, as the care of discharged patients is better facilitated compared with local authorities with smaller such capacity. Higher 'sick leave' is an indicator of a less stable staffpatient relationship compared with a situation in which sick leave among permanent staff is lower. Thus, higher sick leave implies a longer LOS.
We include a dummy variable indicating whether there is a hospital located in the area governed by a local authority ('hospital_location'). We expect that LOS is longer for patients living in areas where a hospital is located compared with patients living in non-hospital areas. Hospital resources may be used as a buffer for lack of social care services provided by local authorities.
Oslo, Bergen, Trondheim and Stavanger are the largest cities in Norway. These cities have typically organized their social care services at the city district level. Challenges in terms of co-operation and organization of the services in the larger cities are of a different scope and scale compared with other local authorities, and we expect such conditions to influence LOS. To account for such factors, we include dummy variables for the four largest cities ('Oslo, Bergen, Trondheim and Stavanger'): the dummy variable 'other_urban' areas, and the base category rural areas ('rural'). The total number of inhabitants living in a local authority ('number of population') is a variable controlling for size heterogeneity across local authorities.
The categorical variable 'emergency' indicates whether a patient is admitted to hospital as an emergency case (= 1) or as a planned admissions (= 0). In the cases of planned admissions, hospitals have the opportunity to engage local authorities ahead of admission with the aim of finding reasonable solutions after discharge for patients in (potential) need of support. For emergency admissions, the situation may be different. Hospitals are more dependent on local authorities' capability to find a solution quickly. Thus, if local authorities have an influence on LOS, we expect that the proxy variables for social care capacity and quality have a larger effect on LOS for emergency admissions than for planned admissions. Table 1 presents variable descriptive statistics for the data used in the analysis. The sample is large and includes information on 386 137 patients from 422 local authorities (from a total of 433), who have been treated in 62 different hospitals across the country.
Results
Descriptive analysis
The average LOS is 7.6 days. Emergency admissions have a slightly shorter LOS, whereas planned admissions on average have a slightly longer LOS. The average age is 4 years higher for patients admitted as emergency patients compared with planned admissions. The share of male patients is $48%. The number of co-morbidities is higher for patients with emergency admission compared with planned admissions, whereas the number of procedures is lower for emergency admissions.
For the local authority level variables, we also find differences between the two subsamples. The averages of the capacity variables are within expectations. On the other hand, 40% of the emergency patients are living in an area in which a hospital is located, whereas the equivalent share of planned admissions is $28%. Doctorcertified sick leave is around the same level across subsamples. Note also that a higher share of patients with emergency admission change residence from home to institutions on discharge compared with patients with planned admissions.
Analytical results
The estimated coefficients for the total sample are reported in table 2. Controlling for hospital and time-fixed effects, we notice that the effect of the case-mix variables vary across the distribution of LOS. Covariates such as age ('age'), number of co-morbidities ('co-morbidities') and number of procedures ('number of procedures') are positively associated with LOS, as expected. Their impact seems to be stronger for the top quantiles, that is, for patients with relatively long LOS. For example, 'co-morbidities' are significant in every part of the LOS distribution. However, the magnitude of the effect is less than one-fifth of a day and two-third of a day at the 10th and 50th percentiles, respectively, whereas the effect is >2 days and $3 days at the 90th and 95th percentiles, respectively.
Several 'local authority characteristics' have significant impact on LOS. The capacity variable 'home_care' has a negative significant impact for the 95th percentile, indicating that higher coverage reduces LOS. The effect is comparatively small, although, at 0.0019 days per unit increase in coverage. The other capacity variable, 'institution_care', matters for the 10th and 95th percentiles only. The effects are negative and of greater magnitude compared with 'home_care': À0.0033 and À0.025 days, respectively, per unit increase in coverage.
The estimated coefficients of 'residence_change' are of particular interest. Patients admitted from their homes and discharged to an institution have a considerable longer LOS compared with patients with unaltered residential status after discharge from hospital, that is, patients discharged either back home or back to an institution. The effect is significant for the whole LOS distribution but with huge differences in impact on LOS. We find around one-tenth of a day for the 10th percentile, but $3 days for the highest quantile.
We find a relatively strong positive effect if there is a hospital located ('hospital_location') in the patient's home area/local authority. Controlling for case mix, and assuming that the case-mix variables are reflecting the major causes of patient heterogeneity, it is not likely that patients belonging to these areas are sicker on average than others, and, therefore, are hospitalized longer. For patients with the longest LOS, the effect is approximately half a day.
The quality variables are also important. 'Physician hours in nursing homes' influence the top quantiles of the hospital LOS distribution, but not the two lower quantiles. For example, if the physician hours increase by 1 h per week then LOS decreases by $0.11 day for the median LOS patients, but it is reduced by 0.34 and 0.43 days for patients with a LOS at the 90th and 95th percentiles, respectively. Moreover, a higher share of the doctor-certified sick leave by the total number of municipal employees in user-oriented services in the institutions ('sick leave') results in significantly 'higher' LOS at the upper part of the distribution of the hospital LOS, but 'lower' at the lowest part of the distribution. We find no significant effects at the median of the distribution.
Patients from Oslo have the longest LOS in all quantiles compared with the base category, rural areas, and stand out compared also with the other large cities (Bergen, Trondheim and Stavanger) for which the demographic composition is not different from Oslo's. The large coefficients indicate that local authorities have a relatively strong potential influence over LOS.
Emergency admissions vs. planned admissions
To analyse further the buffer argument discussed earlier in the text, we split our data into two subsamples, which also facilitates a study of the sensitivity of the full sample estimates. The results are reported in tables 3 and 4, respectively. Full sample. The dependent variable is the hospital LOS. a: Bootstrap standard errors are in parentheses. b: Robust cluster (within municipality) standard errors are in parentheses. *, ** and *** represent significance levels at 10%, 5% and 1%, respectively. Emergency hospital admissions. The dependent variable is the hospital LOS.
a: Models are also controlled for other covariates that included in table 2. b: Bootstrap standard errors are in parentheses. c: Robust cluster (within municipality) standard errors are in parentheses. *, ** and *** represent significance level at 10%, 5% and 1%, respectively. Planned hospital admissions. The dependent variable is hospital LOS.
a: Models are also control for other covariates that included in table 2. b: Bootstrap standard errors are in parentheses. c: Robust cluster (within municipality) standard errors are in parentheses. *, ** and *** represent significance level at 10%, 5% and 1%, respectively.
For the case-mix variables, the estimated coefficients are highly significant and with the same sign. It is interesting to note that the differences in terms of effects are not great. Our interpretation of these results, although the differences are not statistically tested [we have performed QR with interaction terms to test whether the differences between the emergency sample estimations and the planned sample estimations are statistically significant. However, regrettably convergences in the likelihood function have not been achieved for any QR specifications], is that it is likely that emergency patients do not constitute a substantially different group of patients compared with planned admissions.
The differences between the two samples are more pronounced for the social care coefficients. First, for the capacity variable 'institution_care', we find significant and negative estimates for the emergency admissions in the upper quantiles, whereas the coefficients are insignificant for the planned admission sample. Second, 'residence_change', although the effect is 3.17 days in the upper quantiles in the emergency admission sample, the effect is 2.4 days for planned admissions. Third, 'hospital_location' is significant and positive throughout the distribution for the emergency sample, but we find only two significant estimates, one positive and the other negative, for the planned admission sample. Fourth, 'physician hours in nursing homes' have a significant negative effect on LOS in the upper quantiles, but the coefficients are non-significant for the planned admission sample. Fifth, 'sick leave' has no relevance, it seems, based on the planned admission sample, but contributes significantly to longer LOS in the two upper quantiles for the emergency admission sample.
Discussion
Most patients would like to leave hospital as soon as possible and return home or move to adequate nursing facilities. In addition, nursing at hospital is more costly for society compared with appropriate social care provision. It, therefore, makes sense for society as a whole to reduce local authorities' inclination to use hospital resources as a buffer for lack of social care services, if that is indeed the case. Our findings point in the direction that hospitals 'are' used as a buffer for inadequate capacity or quality locally. Controlling for case mix, hospital and time-fixed effects, we find that LOS is reduced by providing additional resources to the social care services. Thus, the cost externalities between social care services and hospitals are also reduced. Take the differences between patients with and without change of residence after hospitalization as an example. Patients with unaltered residence have the shortest LOS. The reason seems logical: patients with unaltered residence are easier to take care of because these patients already 'have a bed waiting'. All other factors being the same, higher capacity would contribute to shorter LOS for patients with altered residence. However, patients with 'altered' residence may have longer LOS because they are sicker and need additional assistance after hospitalization.
Other strong indications that local authorities have a significant influence on LOS are found in the estimated results for patients living in the four largest cities. The estimated coefficients of the city dummies are significant, positive and large in size indicating that there are unobserved differences in terms of how the patients flow between home, hospital and home or institution in Oslo, Bergen, Trondheim and Stavanger. Thus, it is likely that adequate changes in management, organization, financing and/or staffing will contribute to reduce LOS in these cities.
Finally, the comparatively strong negative effect on LOS after a higher level of medical expertise available at nursing homes is an example of a policy tool that is both flexible and potent.
From a policy perspective, our results suggest that increased supply of social care services will contribute to a reduction in aggregate societal costs of treatment and nursing of elderly patients. However, local authorities have to strike a balance. It makes little sense to calibrate the capacity and quality of social care services to cover every eventuality, which would lead to higher investment levels and higher running expenses than necessary to achieve a sustainable reduction in LOS. Policymakers can stimulate more co-ordination and collaboration between social care services and hospitals through law enforcement and/or economic incentives. One measure is to secure that social care services and hospitals develop effective and sensible discharge routines and secure proper information flow, including 'early warnings'. Such routines will contribute to make the planning horizon longer for the social care services, thus enabling the services, at least in principle, to offer better care for the elderly individuals on discharge. Measures to improve quality of care may have to be in place as well, like standards regarding staffing, in terms of both numbers and skills. Financial penalties given to social care services not able to facilitate care for patients in time are also a potential tool. However, Holmås et al. 13 find based on a natural experiment that financial penalties lead to longer LOS.
The strengths of our analysis are that it builds on a rich data set, and that we use quantile regressions. A limitation of the study is that we can only follow patients receiving treatments at the same hospital and during the same year. The cross-sectional information makes it difficult to draw causal interpretations. Longitudinal data would potentially make this possible. Another limitation is the proxies used to characterize the social care services' capacity, neither of which are precise measures.
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